The Cyclin-dependent kinase inhibitor CYC202 (R-roscovitine) inhibits retinoblastoma protein phosphorylation, causes loss of Cyclin D1, and activates the mitogen-activated protein kinase pathway.
Deregulation of the cell cycle commonly occurs during tumorigenesis, resulting in unrestricted cell proliferation and independence from mitogens. Cyclin-dependent kinase inhibitors have the potential to induce cell cycle arrest and apoptosis in cancer cells. CYC202 (R-roscovitine) is a potent inhibitor of CDK2/cyclin E that is undergoing clinical trials. Drugs selected to act on a particular molecular target may exert additional or alternative effects in intact cells. We therefore studied the molecular pharmacology of CYC202 in human colon cancer cells. Treatment of HT29 and KM12 colon carcinoma cell lines with CYC202 decreased both retinoblastoma protein phosphorylation and total retinoblastoma protein. In addition, an increase in the phosphorylation of extracellular signal-regulated kinases 1/2 was observed. As a result, downstream activation of the mitogen-activated protein kinase pathway occurred, as demonstrated by an increase in ELK-1 phosphorylation and in c-FOS expression. Use of mitogen-activated protein kinase kinases 1/2 inhibitors showed that the CYC202-induced extracellular signal-regulated kinases 1/2 phosphorylation was mitogen-activated protein kinase kinases 1/2 dependent but did not contribute to the cell cycle effects of the drug, which included a reduction of cells in G(1), inhibition of bromodeoxyuridine incorporation during S-phase, and a moderate increase in G(2)-M phase. Despite activation of the mitogen-activated protein kinase pathway, cyclin D1 protein levels were decreased by CYC202, an effect that occurred simultaneously with loss of retinoblastoma protein phosphorylation and inhibition of cell cycle progression. The reduced expression of cyclin D1 protein was independent of the p38(SAPK) and phosphatidylinositol 3-kinase pathways, which are known regulators of cyclin D1 protein. Interestingly, CYC202 caused a clear reduction in cyclins D1, A, and B1 mRNA, whereas c-FOS mRNA increased by 2-fold. This was accompanied by a loss of RNA polymerase II phosphorylation and total RNA polymerase II protein, suggesting that CYC202 was inhibiting transcription, possibly via inhibition of CDK7 and CDK9 complexes. It can be concluded that although CYC202 can act as a CDK2 inhibitor, it also has the potential to inhibit CDK4 and CDK1 activities in cancer cells through the down-regulation of the corresponding cyclin partners. This provides a possible mechanism by which CYC202 can cause a reduction in retinoblastoma protein phosphorylation at multiple sites and cell cycle arrest in G(1), S, and G(2)-M phases. In addition to providing useful insights into the molecular pharmacology of CYC202 in human cancer cells, the results also suggest potential pharmacodynamic end points for use in clinical trials with the drug.